INTRODUCTION
Functional studies of certain abnormal human hemoglobins have provided valuable information on the mechanism by which ligands, such as oxygen, bind to hemoglobin. Most hemoglobin variants having increased oxygen affinity have amino acid substitutions in regions of the molecule which are considered vital to its function (1) . Several recent reviews have listed hemoglobin E (a2,826gI U1Y) among the hemoglobin variants that have abnormally low oxygen affinity (2) (3) (4) . Supporting experimental evidence, however, is somewhat circumstantial (5) (6) (7) (8) . A more detailed examination of the oxygen equilibrium of hemoglobin E is warranted not only because of structural-functional implications but also because this hemoglobin is the third most common variant world-wide, and any significant alteration of its oxygen affinity could have important clinical implications.
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METHODS
Blood was obtained from a 32-yr old Thai male homozygous for hemoglobin E. His hemoglobin concentration was 15.6 g/100 ml; hematocrit was 44.2%. Slight anisocytosis, poikilocytosis, and many target cells were noted on the stained peripheral blood film. Cellulose acetate electrophoresis showed only hemoglobin E as the major component. Hemoglobin F comprised 0.9%o of the total as measured by alkali denaturation. A sample of this individual's blood was airmailed in acid citrate dextrose and on ice for oxygen equilibrium measurements. Blood was also obtained from an American Black male heterozygous for hemoglobin E. The structure of the E hemoglobin from each donor was verified by two-dimensional peptide mapping (9) of the variant polypeptide chains isolated by the column chromatographic method of Clegg, Naughton, and Weatherall (10) . The abnormal tryptic peptides were eluted from the paper chromatogram and the composition verified on a Beckman Automatic Amino Acid Analyser 120C (Beckman Instruments, Inc., Palo Alto, Calif.).
Phosphate-free hemoglobin solutions and a standard solution of 2,3-diphosphoglycerate (2,3-DPG) 1 were prepared as described previously (11) . From a hemolysate of the heterozygote, A and E hemoglobins were separated by two types of ion exchange chromatography: diethylaminoethyl Sephadex (DEAE-Sephadex) (12) and carboxymethyl cellulose (CM-cellulose) (13) . Hemoglobin E migrates more rapidly than A on DEAE-Sephadex. On CM-cellulose, the reverse is true. Hemoglobin E comprised about 35% of the total. Auto-oxidation of hemoglobins on the CM-cellulose column was prevented by equilibrating the column and eluting buffer with 1 atm of carbon monoxide. Carboxyhemoglobin was converted to oxyhemoglobin as described previously (11) . The hemoglobin-rich peaks that were eluted from the columns were concentrated by ultrafiltration with a Diaflo membrane.' There was no carboxyhemoglobin and less than 5% methemoglobin detectable on completion of the oxygen equilibrium measurements.
Whole blood oxygen equilibria were done on fresh hepa-'Abbreviations used in this paper: 2,3-DPG, 2,3-diphosphoglycerate; CM-cellulose, carboxymethyl cellulose; DEAESephadex, diethylaminoethyl Sephadex.
2 Amicon Corp., Lexington, Mass. rinized specimens of AE and AA blood. 2.5-ml specimens were mixed in a rotating tonometer at 370C with hydrated gas mixtures consisting of known amounts of oxygen, 5% carbon dioxide, and balance nitrogen. 10-min incubation periods were sufficient to insure full equilibration. On each specimen, the oxyhemoglobin and.total hemoglobin contents were measured by a CO oximeter.' The instrument was standardized with blood treated with sodium dithionite (0% 02 saturation) and pure oxygen gas (100% 02 saturation). pH was measured anaerobically at 370C.1 The p02 was corrected to a standard plasma pH of 7.40 by the use of the following Bohr factor: Alog p02/ApH = -0.48. Spectrophotometric oxygen equilibrium curves were done at 20'C on 0.1 mm (tetramer) hemoglobin solution in 0.05 M bis-Tris' or Tris buffer, pH 6.4-8.6 and sufficient NaCl so that the chloride ion concentration was 0.10 M (11). Red cell 2,3-DPG was measured by the method of Keitt (14) .
RESULTS
Whole blood oxygen saturation curves done simultaneously on AA and AE individuals are shown in Fig. 1 (16) .
It is possible that oxygen affinity of hemoglobin E becomes abnormally low if it is in concentrated solution.
This would be true if the deoxy-conformation of hemoglobin E were stabilized by aggregation in a manner similar to deoxyhemoglobin S (17) . Unfortunately, we were not able to do a whole blood oxygen saturation curve on a fresh specimen from an E homozygote. However, as shown in Fig. 1 , the whole blood oxygen affinity of an AE heterozygote was normal.' It is noteworthy that the functionally abnormal human hemoglobin variants which have been reported to date have all appeared in heterozygotes having abnormal whole blood oxyhemoglobin dissociation curves.
Morimoto, Lehmann, and Perutz (4) suggested that the amino acid substitution in hemoglobin E might destabilize the oxy-conformation leading to decreased oxygen affinity. However, if this were true, low oxygen affinity should be at least as apparent in a dilute hemoglobin solution as in a concentrated one.
